INTRODUCTION
============

Mesenteric ischemia is a challenging diagnosis. Delay in doing it can lead to extent bowel necrosis and poor outcomes; carrying various consequences after surgery such as diarrhea, poor absorption, short bowel syndrome and death. Ischemia and reperfusion syndrome plays an important role in this scenario[@B9].

During ischemia there is Na^+^/K^+^pump failure, Ca^2+^ influx, acidic substances formation, promoting endothelial injury, increasing permeability of the microcirculation and tissue edema that activates inflammatory response[@B13]. However, tissue damage is not limited to ischemia. When tissue oxygenation is restored, tissue damage is worsened by the reperfusion injury that is even more deleterious than ischemia[@B2] ^,^ [@B10] ^,^ [@B11] ^,^ [@B24].

Aiming to minimize deleterious effects of ischemia and reperfusion injury, Murry et al.[@B14] introduced the concept of ischemic preconditioning, which consists of short periods of ischemia followed by short reperfusion, before a longer ischemic phase, in order to induce organ tolerance to the ischemia-reperfusion injury[@B14] ^,^ [@B19]. Several clinical and experimental studies proved the protective effect of the ischemic preconditioning, as well as, its ability to reduce tissue damage[@B7] ^,^ [@B15] ^,^ [@B17]. However, in certain clinical settings, it is often difficult to foresee when ischemia will occur, limiting the preconditioning applicability[@B19].

In 2003 Zhao et al.[@B25] started the concept of ischemic post-conditioning, which consists in performing short cycles of ischemia followed by short cycles of reperfusion, immediately after the ischemia, and before the permanent reperfusion. Experimental studies have shown that ischemic post-conditioning is effective on preventing ischemia-reperfusion injury in several tissues, having a similar effect to ischemic pre-conditioning[@B5] ^,^ [@B12] ^,^ [@B20]. However, when analyzed in a hyper acute phase, post-conditioning was not able to reduce the damage caused by ischemia and reperfusion syndrome[@B1].

Thus this study intends to investigate the effects of different post-conditioning cycles on induced-mesenteric ischemia-reperfusion injury in a short-term reperfusion period.

METHODS
=======

This study was approved by the Ethics Committee for the Use of Animals of the State University of Pará - UEPA, protocol 22/10. Twenty five male Wistar rats (*Rattus norvegicus*) obtained from the Animal Colony of the Experimental Surgery Laboratory of UEPA were used. They weighed 200-240 g and were kept in a controlled environment with food and water ad libitum. The animals were randomly assigned into five study groups (n=5), according to the protocol ([Figure 1](#f1){ref-type="fig"}): 1) sham group (SHAM), same surgical procedure as in remaining groups was performed, but no intestinal ischemia was induced; 2) control group (CG), intestinal ischemia was induced for 30 min followed by reperfusion without any form of conditioning; 3) post-conditioning group 3 min (GP3), intestinal ischemia was treated by 1 cycle of reperfusion interspersed by 1 cycle of ischemia, lasting 3 min each; 4) post-conditioning group 1 min (GP1), intestinal ischemia was treated by 3 cycles of reperfusion interspersed by 3 cycles of ischemia, lasting 1 min each; 5) post-conditioning group 30 s (GP30), intestinal ischemia was treated by 6 cycles of reperfusion interspersed by 6 cycles of ischemia, lasting 30 s each.

FIGURE 1Diagram illustrating the post-conditioning protocols

All surgical procedures were performed under anesthesia (ketamine-70 mg/kg and xylazine -10 mg/kg, intraperitoneally). Midline laparotomy was performed. During all procedure, the bowel was protected by gauze with heated saline. The mesenteric artery was identified and dissected, and it was occluded by a vascular clamp for 30 min. After the artery was clamped, the small intestine was repositioned inside the abdominal cavity and the skin was closed with 5-0 nylon stitches.

After the ischemic cycle, the abdominal cavity was reopened through removal of the stitches. Vascular clamp was taken off, starting the reperfusion period, lasting 60 min. In GP3, GP1 and GP30 groups, the ischemic post-conditioning were performed according the prior protocol described. After postconditioning protocol, abdomen was again closed with continuous 5-0 nylon stitches until the end of reperfusion period.

After reperfusion, the animals were euthanized by intravenous KCl injection. Immediately after, a 3 cm ileum sample distant 5 cm from the cecum valve was harvested. This fragment was fixed in 10% buffered formaldehyde, and underwent histological processing; the slides were stained with H&E and examined under light microscopy to determine the degree of injury based on the scale of Chiu et al.[@B4] and villous length measurements were done by measuring ten well-oriented villous (cut across its length) in each of the animals.

Statistical analysis
--------------------

ANOVA test was used to compare villous length; Kruskal-Wallis test, to compare the histopathological results, and the Pearson\'s Linear Correlation test to determine whether there was a relationship between the score of intestinal injury and villous length. Significance level of 5% to reject the null hypothesis was adopted.

RESULTS
=======

During the procedure no animal died or resuscitation maneuvers were performed. The mean score of intestinal injury is demonstrated on [Table 1](#t1){ref-type="table"}. Sham group showed a normal mucosa, and there was significant difference between this group to all others who underwent ischemia; among the other groups there was no significant difference (p\>0.05).

TABLE 1Mean and standard deviation of intestinal injury score according the groupsGroupSG\*CGPG3PG1PG30Score0.00 ±0.003.60 ±0.573.40 ±0.543.20 ±0.443.00 ±0.70[^2]

In relation to the villous length ([Table 2](#t2){ref-type="table"}), there was difference between the SHAM and the others groups (p\<0.05); however, there was no difference between the CG and the post-conditioning groups (p\>0.05). Relationship between score of intestinal injury and the villous length (p=0.0004 Pearson\'s r = -0.6771).

TABLE 2Mean and standard deviation of villous length according the groupsGroupSG\*CGPG3PG1PG30Score161.59 ±7.04136.27 ±8.80135.89 ±5.40129.46 ±16.04135.18 ±12.88[^3]

DISCUSSION
==========

After an ischemic event, reestablishment of blood inflow is the only approach to stop ischemic cascade[@B2] ^,^ [@B22]. However, reperfusion may end up with reactive oxygen species formation and increase in inflammatory reaction[@B2] ^,^ [@B22].

To mitigate deleterious effects of ischemia and reperfusion the use of hypertonic solutions[@B23], herbals[@B3] and oxygen therapy[@B16] have been proposed. The currently most effective therapies are the ischemic conditioning techniques[@B5] ^,^ [@B7] ^,^ [@B18] ^,^ [@B21] ^,^ [@B22]. The postconditioning excels for its greatest clinical applicability compared to preconditioning, since in some clinical scenarios there is no way to predict when a tissue will be under ischemia[@B5] ^,^ [@B20] ^,^ [@B25].

The post-conditioning works primarily by reducing reperfusion injury[@B5] ^,^ [@B20] ^,^ [@B22] ^,^ [@B25], Although, when analyzed after a short-term reperfusion period it shows a poor protection of structural tissue injury[@B1]. Therefore, this study intended to identify if different post-conditioning protocols could minimize early intestinal mucosa damage after ischemia-reperfusion syndrome.

Our data showed that all adopted post-conditioning protocols failed to minimize early intestinal mucosa damage secondary to ischemia and reperfusion syndrome. Such result does not invalidate or reduce the importance of ischemic post-conditioning[@B1], yet, such fact reveals that there is no significant reperfusion structural damage after a short-term reperfusion period, possibly because there is a critical reperfusion time when it is possible to detect morphological damage.

This finding stands great importance, since during early reperfusion there is higher formation of oxygen radicals, but they are not capable to induce structural damage to the tissue[@B6]. On the other hand, it is possible that ischemia-reperfusion damage was mitigated by post-conditioning if cell biomarkers were analyzed, but there was not enough time of reperfusion to detect intestinal mucosa morphological damage on optical microscopy. Thus, further studies should be conducted measuring cell function markers and structure measurements to better understand postconditioning short term effects, as well if there is any difference among the adopted postconditioning protocols.

The number of adopted postconditioning cycles did not modify the outcome. There is no consensus in literature regarding the standard pattern of post-conditioning cycles to be performed in each organ since cell metabolism might influence the number of cycles and their duration, but it is known that short cycles are more effective than long cycles[@B1] ^,^ [@B5] ^,^ [@B12] ^,^ [@B20] ^,^ [@B25].

The negative result of this research does not indicate failure[@B1]. The acquisition of knowledge with possible errors, preventing other researchers to repeat the same method of study, justifies the publication of unfavorable results, a practice that should be estimulated[@B8].

CONCLUSION
==========

Adopted post-conditioning protocols had no effect on protecting intestinal mucosa morphology after mesenteric ischemia and short-term reperfusion injury.
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